Introduction
Spinal cord stimulation (SCS) is an accepted method of treatment for patients with failed back syndrome who failed all conservative treatment modalities. This modality involves a relative simple operative procedure that does not significantly affect the spinal structure. It has resulted in improved quality of life, decreased pharmacologic drug use, and has enabled patients to return to work [1] - [6] . In addition to failed back syndrome, SCS has also been used for patients with peripheral vascular disease (PVD) [7] - [9] , complex regional pain syndrome [10] [11], peripheral neuropathy [12] [13] , and angina [14] [15] with relatively good success.
Unfortunately, the majority of literature regarding the use of SCS for central pain after spinal cord injury is not promising [16] - [19] . Even those papers that report success [20] the patient did not have significant motor or sensory loss. The authors therefore report a quadriplegic patient who obtained excellent pain control following implantation of SCS.
Methods/Results
The patient is a 41-year-old male who sustained a C5 -C6 fracture which resulted in complete motor loss below the level of the injury. Sensory examination showed patchy areas of sensation in the lower extremities (including the saddle area) but the findings were not consistent. Ten years later he had hemorrhoidectomy. Following this, he began experiencing pain in the lower back area and in the anal area. It was burning in nature and was associated with muscle spasms in the muscles around the pain. The pain was worse with defecation and sitting, and relieved by lying down. He reported a pain level of 7/10.
Several treatment modalities were tried. They included: opioid analgesics baclofen, sphincter injection with steroids and local anesthetics, multiple L5, S1, S2 radiofrequency (RF) rhizotomies, bilateral SI joint injection with steroids and RF ablation of SI joints. None of these treatments gave him permanent relief.
Three years following pain onset, the patient had a SCS trial. Two trial leads were percutaneously implanted through a Touhy needle. The active contacts were placed at the T8 -T9 vertebral body level. A stimulation trial was then done for 5 days. During these 5 days the patient had very good relief of pain. The lead was then removed and 4 weeks later implantation of the permanent spinal cord stimulation system was done. The procedure was done under general anesthesia. Through a laminotomy opening a paddle lead was implanted in theepidural space at the level of T8 and T9 vertebral bodies. The area of paresthesia produced by the stimulation included the area of his pain. The system was programmed to give optimal pain relief. At 2 years follow up the patients pain scale is 1/10 and the patient is off all pain medications.
Discussion
The neurophysiological mechanism for pain suppression in neuropathic and ischemic pain following spinal cord stimulation has been studied. It is suspected that neuropathic pain is suppressed by depressing the hyper excitability of the neurons in the dorsal horn. This is accomplished by increasing the level of GABA and serotonin resulting in suppression of excitatory amino acids-glutamate and aspartate. Ischemic pain is relieved by inhibiting the sympathetic nervous system. Melzack and Wall proposed the "gate theory" for pain control using the SCS system [21] . They hypothesized that input into the spinal cord from nerves carrying touch and vibratory sensation could be manipulated by a stimulator to block-"close the gate"-the input from nerve fibers carrying pain sensation. However, the exact mechanism of action of the SCS still remains unknown.
It is common to experience pain after spinal cord injury, and most of them can be managed [18] [22] [23] through different treatment modalities available. Muscle spasm pain arises in an area of preserved sensory fibers which lack appropriate inhibition leading to increased spasticity. Antispasmodics medications can help the patients with this condition [24] . Visceral pain occurs intermittently and sporadically several months to years following the initial injury. It arises from abdominal myoneural dysfunction and is often associated with referred pain. It is difficult to treat given its transient nature and its lack of localization [24] . Neuropathic pain is due to damage or dysfunction of any part of the nervous system. It is described as sharp, burning, and shooting sensation. There is often direct nerve tissue injury which results in an inappropriate trafficking of signal. These signals are relayed through alternative routes where they produce a change of function creating the sensation of pain. Nonsteroidal anti-inflammatory drugs can provide some relief [24] [25] . Segmental pain begins days to weeks following an injury. Typically, it is located directly above or below the level of injury at the boundary of normal sensation and loss of sensation. SCS often will provide excellent relief for this type of pain [24] . Nerve A. A. Patil et al.
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root entrapment has a predictable radicular pattern and occurs below the level of the injury. Decompression is the treatment of choice [24] . Syringomyelia pain is rare. It presents months to years following injury as the syrinx expands. Surgical intervention is required if daily symptoms are present [24] .
Although there has been success in using the SCS system for failed back syndrome, its use for central or deafferentation pain has not been very encouraging [5] [28] . This pain is below the level of injury and is diffuse with burning and dysesthetic character [29] .The exact mechanism for this type of pain is unknown [2] [5] [30] , and is different from the pain associated with muscle spasms [7] [17] . Some authors attribute this pain to an imbalance between the preserved dorsal column and the damaged spinothalamic system [31] . Therefore to get relief from SCS integrity of the lemniscal tract is needed [27] . The probability to have this integrity is higher in patients with incomplete lesions. This might explain why some patients with incomplete lesions have been successful in achieving pain relief [20] . Conversely, in patient with complete lesion the probability to have intact lemniscal fibers is almost zero. The patient presented in this paper did have complete motor loss below the injury but he does have patchy areas in which he had some sensation. It is therefore possible that he has some preservation of the lemniscal fibers. This might be a reason why SCS helped him with surprisingly good results. This indicates that even in patients with complete motor loss and only patchy areas of sensation may benefit from SCS.
Conclusion
In summary, SCS was successful in obtaining pain relief in patients with complete spinal cord injury with only patchy areas of preserved sensation. This indicates that structures needed for relief of pain relief from SCS may still be intact in such patients. Therefore it may be worthwhile considering this option if nothing else proves useful.
